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Abstract:Thisresearchaimstomodeladaptivebehaviorselectionincricketsfightingbehaviorfromphysiological 

knowledgeWehavealreadyproposedanactionselectionmodelbyNO/cGMPcascadewhichcanexplainthe 
relationshipbetweentheOctopaminelevelincricket，sbrainanditsbehavior･Inthispaper，werunsome 
computersimulationsinmulti-individualenvironmentstoevaluatethemodelandtheemergingbehaviors 
KeyWbrds:cricket,ＮＯ/cGMPcascademodel,multi-individualenvironment,behaviorselection 

１.Ｉｎｔｒｏｄｕｃｔｉｏｎ adaptivebehaviorselectionmodelwhichisinspired 

bytheNO/cGMPcascadeandOA[101 

Inthispaper，ｗｅａｔｔｅｍｐｔｔｏｒｕｎｓｏｍｅｃｏｍｐｕｔｅｒ 
ｓｉｍｕlationsinmulti-individualenvironmentstoeval-

uateourproposedneuromodulationmodeLEmerged 
swarmbehaviorfromtheinteractionamongthem-
dividualsisobservedanddiscussed． 

Organismsselectbehaviorsadaptivelyaccording 

totheirexternalenvironmentandrealizesuchpro-

cessmginrealtime、Thisisattributabletotheplas-

ticityofneuralcircuitnetworksConcerningadapta-

tivebehajviorselectionamongindividuals1anexam-

pleisthefightingbehaviorofcrickets(Figl),which 
isarepresentativepheromonebehaviorininsects 

Pheromonebehavioremergeswhenpheromonesare 
detectedThepurposeofthisstudyistoclarifythe 

mechanismsofadaptivebehaviorselectionbymodel-

ingneuromodulatorfUnctioninthefightingbehavior 
ofcrickets 

lnthiskindofbehaviorselection,nitricoxide(NO） 
isthoughttofUnctionasaneuromodulatorfbrex-

tractingaspecificｂｅhajviorprogramfrompolymor-

phiccircuitsinthebrainandthattheNO(nitricox‐ 
ide)／cGMP(cyclicguanosinemonophosphate)cas-
cadeplaysanimportantrole[111tisalsoconsidered 
thatoctopamine(OA)isimportantfbrbehaviorse-
lectionTherefbre,inpreviouswork,ｗｅｐｒｏｐｏｓｅｄａｎ 

2．CricketFightingBehavior 

lnrecentyears1itisbecomingclearthattheinsect 

pheromonebehaviorsindicateplasticitybymodifiＣａ戸

tion，andcricketnghtingbehaviorisatypicalexam-
pleofthisAbodysurfaceofcricketiscoveredwith 

cuticularsubstances(pheromone),probablyfbrindi-
vidualidentification[2IWhenamalecricketcomes 
acrossanothercricket，itfirsttouchesthebodysur-

faceoftheothercricketusingantennaeanddiscrim-
inatewhetherthecricketismaleorfemaleThe 

crickettheｎｓｈｏｗｓｆｉｇｈｔｉｎｇｂｅｈａｖｉｏｒｉｆｉｔｉｓｍａle 

Therankingoftwocrickets，determinedbyfighting） 

isknowntopersistforaboutl5to30minutes[3]i 
ifthedefeatedcricketsensesthesamepheromone 
withinthisperiod,itshowsavoidancebehavior・The

experlenceofdefeatthusmadethecricketselectdifL 
fbrentbehaviorfbrthesamestimulus、

Intheneuralsystemsoforganisms，variousneuro-
tranRmittersandneuromodulatorsareusedNOis 

thoughｔｔｏｐｌａｙａｎｉｍｐｏｒｔａｎｔｒｏｌｅｉｎｓｅｌｅｃｔingpro-
grambehajviorfrompolymorphiccircuits、Ｉｎｔｈｅ

ｂｒａｉｎ,NOdifIusesinthreedimensionstocontrolthe 

emissionofneurotransmitters[４１Ｎｏｉｓgenerally 
consideredtobeinvolvedinneuralplasticity[５１ 

TheNO/cGMPcascadeisparticularlyconsidered 
tobecloselyrelatedtofightingbehaviorselection Ｆｉｇ．１FightingbollaviorinmalGcrickG（ 
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Asascalar,ｔｈｅａｍｏｕｎｔｏｆｃＧＭＰ１Ｏ,ｉｓｃｘｌ)ressed 
byusingtheconstantcbasedｏｎｔｈｅｉｄｅａＬｌｌ&ＬｔＦｉＩｌ 
ｅｘｃｅｓｓａｍｏｕｎｔｏｆｃＧＭＰｉｓｄｅcomposedintlloboLly： 

bycrickets，Todemonstratethis，hghtingbehav-
iorisobservedwhenanNOsynthesisinhibitoris 
injecｔｅｄｉｎｔｏｔｈｅｈｅａｄｓｏｆｔｈ(lcrickcLR、Whentwo

malecricketsencounterｏｎｅ&LIl()lJller，figllljl1gstarts 
asusualandsoonendslfthecricketsagainen-
Counteroneanotherafteral5-minllteinterval，even 

thedefeatedcricketmayexhibitfightingbehavior・
Becausethedefeatedcricketshouldshowajvoidance 

behavior）however，thismdicatesthattheappropri-

atebehaviorisnotselectediftheNO/cGMPcascade 
doesnotftmctionnormally・Evenunderthesecir-

cumstances，ｔｈｅｐｈｅｒｏｍｏｎｅｉｓidentifiedandNOis 
closelyrelatedtothepheromonebehaviormodified 

bypastexperlence[６１ 
TheNO/cGMPcascadeisconsideredtomediate 

efHcacyofneuralpathwaysandoneoftheseisto 

affectOAconcentrationinthebrain[7]I81Asre‐ 
centresearchresult(Aonumq'ｓｄｑｉｔａ,知otPuMshed)，
incricketfightingbehaviorjtheamountofOAsig-
nificantlydifIersbefbreandafterfighting，Thereis 
alsodifferentbetweenwinner，ｓＯＡｌｅｖｅｌａｎｄｌｏｓｅｒ，s 

oneTherefore,theNO/cGMPcascade-OAsystem 
isconsideredtobedeeplyrelatedtobehaviorselec-

tionthroughOA． 

００ 
－＝＝一○○＋Ｏｍ－Ｏｏｕｔ
ａｉｔ (3) 

wherejOi”andOouitrepresentthealIlou1ltso［ 
cGMPgenerationandconsumptionLikewiso，｜｣,ｃ 
ａｍｏｕｎｔｏｆＯＡｉｓｅｘｐｒｅｓｓｅｄｂｙｕｓｉｎｇｃollHLtLlltUlG 
A： 
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Therelationshipbetweeninputandoutpllt 
amountsisobtained、Ｗｅａｓｓｕｍｅｔｈａｔｔｈｅａｌｎｏｕｌｌｔ
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ＣＯ､sideringthatNOiscompletelycoI'Hulllodin 

cGMPproduction1NOconsumptioI1depoll(IsoIl11V 
onNOconcentrationTherefOre，theamou1ll,ｏ【Ｎ(）

consumption/Vi3htatpositionzisdeterluiI１ｃｄ(br 
positionsetOatthesource： 

3．ＡＮｅｕｒｏｍｏｄｕｌａｔｉｏｎＭｏｄｅｌｏｆ 

ＣｒｉｃｋｅｔTightingBehavior 

蝿←{:■,………''(lI
where,qisaconstant、ＡｓｃＧＭＰｉｓａｓｃａｌＨＬＴ１Ｃｊ,,is

expressedbythetotalamountofNOconslllIlI)(j(〕Ⅲ．

i［:IfEO1 

Otll〔ｌＴＷｉＳＣ
３１ＮＯ/ｃＧＭＰcascade-OAsystem 

Basedontheaboveobservations1wemodeled 

NO/cGMPcascadeftmctionincricketfightingbe-
haviorwithregardtotherelationshipbetweenOA 

concentrationandbehaviorselection[10](Ｆｉｇ２） 
Accordingtosensoryinfbrmationfromantennae，a 

cricketfirstgeneratesNＯ，andpheromonesfroman-
otherindividualincreaseNOconcentrationinthe 

antennallobe(AL）NOisaradicalthatreactswith 
metalionsimmediatelyafterdifIilsionthroughout 

thebrain，afterwhichitdisappears，Toexpressthis 
e圧ect1dif]hlsionequationisutilized，

α"＝ヱノv１３h$
⑪ 

(7) 

Basedonphysiologicalexperiments，OAcaJl1)(､(Ii-
vidediniJo2typesionethatisnotdependentollN(） 
andonethisisdependentonNO、Especially，iIlcllsc

ofcricket,ifAisnormalizedto[O:1],theamo1ulⅢ)［ 
theNO-dependenttypeisaboutO4(AonunM''Ｍ"１１仏
冗oitpu61ished）AscGMPsuppZessesOApro(１１'(ti()IL
cGMPconsumptionis： 

型-,鶚－８ｔ 
ﾉＷＶ＋Ｍｎ－ﾉV6ut （１） 

whereＷ;”ａｎｄ/V6utrepresenttheamountsofNO 
generationandconsumptionBecauseNOmainly 
remainsinsidethemembraneenvelopingAL,thefol-
lowingreflectingboundaryisgiven： 

ノＶｏ＝ﾉV１，ノV九＝Ｍｚ－１ （２） 

Ｃｂｕ－ｂ×(1＋tanh(１０×(Ｃ－Ｏ６４))/2）（８） 

Ahz＝６－０．６×Ｃ６ｕｔ （９） 

where，bisaco1lHtant・Inthecricketbody,ＯＡｉＨ
ｕｓｅｄｔｏｏｂｔａｉｎ（,llorgyfroInfat、Ｂｙｕｓｉｎｇｌ｣'(〕coI1-
stantc,Ａｏｕｔｉｓ： 

1-.￣－－－－－－－－－－－－－－－－－－１ 
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(１０） Ａｌ,１，ノ＝＞, 

ＮＯ/cＧＭＰｐａｔｈｗａｙ 
Beh爵iol Thisill〔li(!a｣,0s(｣1111,lightingbehaviorcollslllll(1sltLrgc

amoulltH()【o1lorgy､

TheHillll)l(THlilll()〔I〔}ｌａｌｓｏａｓｓｕｍｅｄｂ(､趾Lviol｡ｓ(】l(､c-
tionbaHo〔loIllyollLlleamoun力ｏＩＯＡ・Baseｄ〔)l1Lllc

assulll1)い()l1lIlHいLcricketselectsbehavioratovory

Fig.２ModelofactionselectionfromNO/cGMP 
cascade 
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ｉｔｓＯＡｌｅｖｅｌｉｎｔｈｅｂｒａｉｎｌｔｃａｎｂｅｃｏｎsideredthat 

thepresentmodelappearssufIicienttoexplainadap-
tivebehaviorselectionincrickets[l01 

AshikagaetqJ[9]reportedthatthebehaviorof 
eachindividualappearsdifferenceacoordingtopop-

ulationdensityofthecricketaTherefOre，inthis 

section，werunmulti-agentsimulationswherethe 

agen力withourproposedmodelinteractswiththe
otherones，ａｎｄdiscusstheemergingswarmbehav-

iorsbycomparingwithrealcricket，sbehavior． 
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４．１Settings 

Therearefburartificialcricketagentswithour 

proposedinternalmodelinasquaresimulationfield 
(Figure4),ｏｎａｓｉｄｅＡｎａｇｅｎｔ'smovementisse-
lectedrandomlyfrom3behaviors(ｇｏstraight,turn 
amund,ａｎｄstop)(Figure5,[９１）Ifanyotheragent 
isfbundwithmone，ssenslngarea，antennalsensory 

inputisbroughttotheagentandchangesitsstate 
tofightingbehaviororavoidancebehavioraccording 
toitsinternalstate，Thisfightingbehajviorcontin-

uesuntiloneagentselectsavoidancebehavior・The
escapedagentistheloser1andtheotheragentrec-

ognizesitsvictory・Thedetaileddescriptionofthis
simulatorisinthebibliography[９１ 

Agents，ｄｅｎｓｉｔｙｉｓｃｈａｎｇｅｄｂｙｍｏｖｉｎｇＸｉｎｔｈｅ 
ｒａｎｇｅｏｆ２７＜Ｘ＜２13＿Atrialisterminatedafter 
lOOO[seclandthesimulationisrunfbr50timesin 
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（b)StateoftheLoser 

Fig､３Exampleoftheinternalstateafterfight 

stepduringfighting，theprobabilityPoffightingbe-
havioratthenextstepis： 

Ｐ＝sgn(Ａ－Ｏ５）（11） 

Inadditionjweintroduceassumptionsthata 

penaltyof-Elose×ＴｉｓｇｉｖｅｎｔｏｔｈｅａｍｏｕｎｔｏｆＯＡｏｆ 
ｔｈｅdefeatedｃｒｉｃｋｅｔａｎｄＥＴｕｉｎｉｓｇｉｖｅｎｔｏｔｈｅａｍｏunt 

ofOAofthewinnerasarewardHe]Ce,Ｔ[sec]indi-
catesfightingperiod 

３２SimulationResult 

Theinternalstateofthecricketswascompared 

betweenvictoryanddefeatinfightingbehajviorfbr 

changesFigure3showstheresultsofthesimula-
tionFightingbehaviorstartsattime＝３０００ineach 
figureThelosercricketexhibitsajvoidancebehavior 
afteralossandfightingbehavioraftersu田cienttime
haspassedThetimeefTectisalittleover30minutes， 
similartoactualobservations,whichisnecessaryfor 

adefeatedcrickettoagainexhibitfightingbehａｖ－ 

ｉｏｒｏｒｆｂｒｒｅｃｏｖｅｒｙｏｆＡ＝0.5．IfNOsynthesisis 
inhibited，thisnlodelbehavesthatrecoverytiｍｅｏｆ 
ＯＡｂｅｃｏｍｅｓｈort・Ｉｔｎｌｅａｌｌｓｔｈａｔａｓｏｒｔｏｆｔｈｅｍｅｍ－

ｏｒybasedontheexperiGnceisweELkenedbyblocking 
NO/cGMPcascade 

eachconditions． 
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lnprevioussecLioll，weexplainedaIlactionselec-
tioｎｍｏｄｅｌｂｙＮＯ/cGMPcascado-OAsystemac-
cordingtothepllysiologicalkllowlodge，andexam-
inedanassociationl)CtwcellcrickGl,，sbehajviorand 
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ferencebetweensimulatedbehaviorandobservedbe-

htwiorofrealcricket、Theinternalmodelcanbecon-

sideredasanappropriateoneThus,itisimportant 

tointroduceasortofperceptionprocessbasedon 
individualinteractions・

Infutureworks，wemustbeattemptingtoestab-
lishmoreaccuratemodeloftheneuralsystemfbr 

sllstainingtheconsistencybetweenthebehaviorof 
develoDedmodelandpsyologicalexperimentalresult 
oItllecricket 
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Ｆｉｇ．６ASimulationResultofSwarmBehavior： 

RateofAggressiveAgents 

４．２SiTnTT1ationResultandDiscussion 

Weutilizedthenumberofaggressiveagentswhen 
asimulationendedasanmdexofthecharacteristics 

ofthepopulation・Here，anaggressiveagentmeans

theagentwhichshowsaggressivebehavioragainst 

anotheragent，ｉｎｏｔｈｅｒｗｏｒｄ１ｔｈｅａｇｅｎｔｗｈｏｓｅＯＡ 
lｅｖｅｌｉｓｏｖｅｒＯ､5．Thus，ｔｈｉｓｍｄｅｘｉｓａｎｉｎｔｅｇｅｒｂｅ－ 

ｔｗｅｅｎＯａｎｄ４・Ｆｉｇｕｒｅ６ｓｈｏｗｓｔｈｅｒａｔｅｍ５０ｓｉｍｕ－

ｌａｔｉｏｎｓｉｎｅａｃｈＸ･Forexamplej2-aggmeansthat 

thereweretwoaggressiveagentBwhenasimulation 
ended 

Thereisatendencytoincreasethenumberofag-

gressiveagentsastheagents1densitydecline・This

tendencycanbefbundinrealcricketswithexception 

ofnexttwopoints、Firstly，resultdoesn，tchangedra-
maticallyin27＜Ｘ＜２１０．Especially,almostallthe 
realcricketsl1owaggressivebehayiorinlow-density 
environmentlikeX＝29,210,sothattherateof4-
agg・shouldbedominantinthoseareas、Secondly,
thｅｒａｔｅｏｆＯ－ａｇｇ・isalw8Wslowineveryconditions，

contrarytotllerealcricketsdon，tshowaggressive 
behajviorsinhigh-densityenvironmentlikeX＝２７． 
Thesimulationshowsonlytheinfluenceoftheen-

counteringfrequenｃｙａｎｄｄｏｅｓｎ，ttakeagents，per-
ceptionintoaccount，ｗｈｉｃｈｓｅｅｍｓｔｏｂｅｔｈｅｃause 

ofthisdi碇rence，Inrealcrickets1theyperceptan-
othercricket)spheromoneanddetermineswhetherto 

nghtornotaccordingtoone，sstateandtheother1s 
state・Ourresultshowstheimportanceofperception
ofotheragents，statetofbrmtheglobalorderofthe 
crickets． 
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Thiscurrentresearchisattemptingtomodelthe 
cricket，sneuralsystemfbraccelaratingpsyological 
reseachandunderstandingtheprincipleofadaptive 
behaviorselectionmechanism，Therefbre，ｗｅｅｘ－ 
ａｍｉｎｅｄａｎｄｐｒｏｐｏｓｅｄａｍｏｄｅｌｏｆadaptivebehavior 

selectionbyNO/cGMPcascadeandOAsystemin 
cricketfightingbehaviorlnthispaper,wealsoeval-
uatethemodelbycomputersimulationsinamulti-
individualenvironment・Astheresult，ｔｈｅｒｅｉｓｄｉｆ
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